STUDY QUESTION: What is the current guideline adherence by general practitioners (GPs) for work-up and subsequent referral from primary to secondary care for patients suffering from infertility?
Introduction
Infertility is the absence of conception after 1 year of unprotected intercourse and has a prevalence of~9% in all couples of reproductive age (Boivin et al., 2007) . As healthcare resources are constrained, we are forced to realize optimal but affordable healthcare. This optimal care is described in evidence-based guidelines developed by several large professional organizations (Royal College of General Practitioners, Royal College of Obstetricians and Gynaecologists, National Institute for Health and Care Excellence, and Dutch Society for Obstetrics and Gynaecology).
In several countries, like the UK and the Netherlands, the general practitioner (GP) acts as a gatekeeper for secondary care (i.e. patients can only enter secondary care when they are referred by a GP), to enhance efficient healthcare (van Weel et al., 2012) . The Dutch Guideline on infertility for GPs provides clear recommendations concerning fertility work-up and indications for referral to secondary care (see Fig. 1 ) (NHG-Standaard Subfertiliteit, 2010) . These depend on the duration of the child wish, the couple's history and the results of any additional tests. For referral of couples with no abnormal findings during fertility work-up (i.e. unexplained infertility), the guideline recommends the GP using Hunault's prognostic model (Hunault et al., 2004) . This model reflects the chance of a spontaneous pregnancy leading to live birth in the next 12 months. Couples with a good prognosis (i.e. a calculated prognosis of >30%) are advised to follow expectant management for a period of 6-12 months in primary care, as the chance of spontaneous pregnancy is equal to treatment-induced pregnancy (Steures et al., 2006; Custers et al., 2012) .
Adherence to these guidelines can decrease unnecessary referral, diagnostics and treatments, eventually resulting in lower expenditures (Morrison et al., 2001; Haagen et al., 2013; Kersten et al., 2015) . However, guidelines do not implement themselves (Grol and Grimshaw, 2003) . There are potential barriers to guideline adherence on the level of the guideline, patient, doctor and/or organization of care (including financial and legal aspects) (Flottorp et al., 2013) . Nonadherence to these multidisciplinary fertility guidelines can result in under referral (i.e. no referral when referral is recommended), over referral (i.e. referral when referral is not recommended) and duplication of tests in secondary care. Besides, over referral might eventually lead to overtreatment and higher medical costs (van den Boogaard et al., 2011a; Kersten et al., 2015) . Non-optimal guideline adherence can also influence patients' experiences, when they are unnecessarily exposed to hospital visits, diagnostics, potential harmful fertility treatments and accompanying costs (van den Boogaard et al., 2011a; Kersten et al., 2015) . Obviously, adherence to guideline recommendations for referral in fertility care is important for individuals, general health and healthcare costs.
The first step towards improving guideline adherence is gaining insight into actual adherence (Grol and Grimshaw, 2003) . Therefore, the aim of this study is to assess the guideline adherence for work-up in primary care and subsequent referral to secondary care for patients suffering from infertility and to look for determinants of correct referral due to guideline adherence. The result of this study offers a basis for future research in primary fertility care and the primary/secondary care interface.
Materials and methods

Study design
A retrospective cohort study was performed among couples referred for basic fertility work-up by 350 GPs (from 129 GP practices) to the Canisius Wilhelmina Hospital (CWZ, a secondary care teaching hospital in Nijmegen) and the Radboud university medical centre Nijmegen (Radboudumc, a tertiary hospital with IVF facilities) in the Netherlands, using medical record audits and patients' questionnaires.
Ethical approval
The Institutional Review Board (IRB) of Radboudumc approved the study (reference number 2013-079).
Setting
In the Dutch healthcare system patients only have access to secondary care after referral by a GP (van Weel et al., 2012) . The national guideline on infertility for GPs recommends several steps to determine if referral is indicated ( Fig. 1 ) (NHG-Standaard Subfertiliteit, 2010) . The final referral is based on shared decision-making between the couples and their GPs.
Study population
Couples referred for basic fertility work-up by GPs allied to the Radboudumc and CWZ, between January 2011 and June 2013, were selected from hospital databases. Inclusion criteria were a Diagnosis/ Treatment Combination code (DBC-code) for fertility work-up, >18 years old at the time of referral, no previous referral for fertility problems, and a duration of the child wish <2 years. Exclusion criteria were no informed consent for checking the medical record and not speaking Dutch.
We estimated a sample size of~321 couples (national population estimated to be 50 000 referred couples in the inclusion period, alpha error of 0.05, confidence level of 95% and a hypothesis that GPs adhered to the guideline in 70% of cases) (Braspenning et al., 2004) .
Data collection
Eligible couples were invited to participate and asked for informed consent to check their medical records so that guideline adherence could be determined and several characteristics as possible determinants for guideline adherence could be assessed. Patients were also asked to complete a questionnaire to assess other possible determinants for guideline adherence. The determinants chosen were based on evidence or expert opinions (Haagen et al., 2005; Mourad et al., 2009; Costa et al., 2013; Hodeib et al., 2015; Kersten et al., 2015) .
Medical record audit
The referral letter sent by the GP was used to check adherence to guideline recommendations. The medical record was used for data concerning examinations, laboratory results and final diagnosis by the gynaecologist. A list of recommendations of the Dutch multidisciplinary network guideline was extracted independently by three researchers (W.L.D.M.N., R.P.M.G.H. and H.W.v.d.P.-S.). Once consensus had been reached, this resulted in a list of 20 recommendations divided into four domains and used to determine guideline adherence (Table II) . Second, data on patient characteristics as possible determinants for guideline adherence were derived from medical records (Supplementary data, Table S1 ).
Four different researchers performed the medical record audit (M.J.S., M.A., P.W.M. and H.W.v.d.P.-S.). To estimate the reproducibility of the medical record audit, Cohen's kappa (κ = 0.96) was calculated on a set of key variables used for determining guideline adherence.
Questionnaire
We developed a questionnaire containing items about general and fertilityrelated patient characteristics (Supplementary data, Table S1 ). Hunault, et al., 2004) . CPG, clinical practice guidelines; TMSC, total motile sperm count; GPs, general practitioners.
Statistical analysis
We used descriptive analyses to describe the patients' characteristics. 'Potential diagnosis' was defined as the preliminary diagnosis that the GP could have made when guideline adherence would be optimal. Frequencies were used to calculate the adherence to the guideline recommendations. We analysed 'correct referral due to guideline adherence' (i.e. correct referral when all conditions of taking the patients history and examinations were fulfilled). 'Final correct referral', was defined as referral which eventually turned out to be correct, because laboratory results (i.e. semen analysis and Chlamydia Antibody Titre (CAT)) or patient's history performed in secondary care turned out to be abnormal.
The relation between correct referral due to guideline adherence and patients' characteristics was calculated with a logistic regression analysis. 
Results
Recruitment of eligible couples
A cohort of 1168 couples were invited to participate in our study and 678 (58%) responded (Fig. 2) . Participation was accepted by 535 (78.9%) couples and 306 couples were included for analysis.
Patients' characteristics Table I shows patients' characteristics overall and by duration of child wish. For 49% of couples, a wish for referral was their primary reason to visit their GP. Overall, 51.7% of couples felt a (very) large urge to be referred when they visited their GP for the first time. In the group with a child wish of <1 year, 40% had anovulation as a potential diagnosis. In the group with a child wish of 1-2 years, 41.1% suffered from unexplained infertility.
Guideline adherence
In the domain of basic fertility work-up, the GP performed a semen analysis in 42.2% and a correct CAT in 15.9% of couples (Table II) . For the nine couples without abnormal results (i.e. the couples who were eligible for the prognostic model) the GP did not use the prognostic model.
In the domain of timeliness of GP's referral, the GP referred 60.1% of couples immediately in the case of abnormal findings during basic fertility work-up. The remaining 39.9% is, therefore, possibly under referred.
In the domain of the quality of the referral letter, the results of the semen analysis and CAT were missing in 29.8% and 11.1% of couples, respectively.
In the domain of duplication of tests and starting fertility treatments, the gynaecologist repeated the CAT and semen analysis in 80.0% and 57.1% of couples, respectively. In secondary care, 23.4% of the couples with unexplained infertility and a calculated prognosis of >30% received treatment without a prior period of expectant management as recommended.
The flowchart in Fig. 3 shows that 27 of 306 (9.2%) couples were correctly referred by guideline adherence.
Final correct referral
Within the group of couples with a child wish <1 year, final correct referral occurred in 51.5% of the couples. In the group of couples with a child wish of 1-2 years, final correct referral was seen in 80.3% of couples. The remaining 19.7% were incorrectly referred; in other words, these couples were unnecessarily referred. This concerns 27 couples with unexplained infertility and a calculated prognosis of >40%. In 3 of these 27 (11.1%) couples, fertility treatment was started without a period of expectant management. Not applicable c The guideline recommends repeating a semen analysis in case of a first TMSC <3 million. For our study we defined one semen analysis with a TMSC <3 million as correct referral, as GPs find it hard to interpret a semen analysis d In 3 of 27 couples with a calculated prognosis of >40% fertility treatment was started without a period of expectant management TMSC; total motile sperm count.
Determinants for correct referral due to guideline adherence
Discussion
We found that guideline adherence by GPs concerning work-up and referral for infertility is low: the GP took all the steps recommended by the guideline in <10% of couples referred. If guideline adherence would be optimal, almost 20% of couples with unexplained infertility could be saved from unnecessary hospital visits. On the other hand: almost 40% of the couples were under referred, they had an indication for immediate referral but expectant management was chosen instead.
No significant determinants for correct referral due to guideline adherence could be obtained. This is the first study focusing on quality of referral for infertility in the Netherlands.
Low guideline adherence might be due to the low prevalence of infertility in general practice (Wilkes et al., 2007) . In addition, previous research revealed that patients lack confidence in their GP concerning infertility, have inappropriate expectations prior to the first consultation and overestimate the success rates of fertility treatments, making it hard to counsel these couples for expectant management (Morrison et al., 2001; Wilkes et al., 2007 Wilkes et al., , 2009 van den Boogaard et al., 2011b; den Breejen et al., 2012) . Moreover, when patients are referred, they might expect that something needs to be done (i.e. additional tests or fertility treatment). If it turns out that secondary care has nothing more to offer than primary care, counselling for tailored expectant management is hard. Making couples aware of their prognosis and policies in secondary care allows them to take well-informed decisions, whether they choose referral or not.
Furthermore, barriers to guideline adherence can also be linked to the guideline itself, the organization of healthcare (including financial and legal aspects), healthcare professionals, patients and their interaction (Flottorp et al., 2013) . Despite the update of the guideline for GPs in 2010, with the introduction of Hunault's prognostic model, visual support (i. e. a flowcharts, see Fig. 1 ) and listing the (indications for) fertility treatment in secondary care, there is still a discrepancy between the guideline on fertility treatment for GPs and for gynaecologists, which can be confusing.
Guideline adherence was particularly low for performing additional tests, which is in line with primary care in general (Braspenning et al., 2004) . Similar results were found in performing a semen analysis by GPs (Nicopoullos and Croucher, 2003; Morrison et al., 2007) . GP factors (e.g. to reassure the patient or perceived deficient medical knowledge) or context-related factors (e.g. experience working with a problem-oriented laboratory order form) can also cause the variation in test ordering behaviour and referral among GPs (Verstappen et al., 2004; Ringberg et al., 2014) .
Possible explanations for duplicate tests in our study might be incomplete test results for the semen analysis and CAT in the referral letter, therefore, the fertility intake in secondary care often contains a standard set of additional tests.
One could argue that the current guideline is overambitious for primary care and that basic fertility work-up should always be performed in secondary care. However, a large proportion is finally correctly referred, which is in line with other specialisms in the Netherlands (Braspenning et al., 2004) . Moreover, non-adherence to the guideline can be clinically appropriate as well. For example, in the case of risk factors in the patient's history (e.g. orchidopexy) it is defendable to perform a semen analysis with a child wish of <1 year without a simultaneous CAT. In our opinion, basic fertility work-up can be done in primary care and can provide reassurance to couples with unexplained infertility. Besides, starting investigations in primary care can save time and may reduce stress (Morrison et al., 2007; Wilkes et al., 2009) . It might also save costs, when fewer couples are unnecessarily referred and duplication of tests in secondary care is diminished.
Finally, performing non-indicated diagnostics in a group of healthy people (i.e. not suffering from infertility yet) carries the risk of overdiagnosis and overtreatment (Moynihan, 2015) .
Strengths and limitations
Our study has several strengths. First, the Cohen's kappa of 0.96 suggests a high inter-observer agreement. The setting was covering referral from a suburban and urban region to a secondary teaching and tertiary hospital. Hence, the study population seems to be a good reflection of Dutch healthcare.
However, some limitations should be considered. First, patients were included when they were referred to secondary care. Consequently patients with expectant management in primary care who may have become pregnant in this period could not be included. This may have resulted in an underestimation of primary care performance. Second, all the information about management in primary care was obtained from the referral letter, which may not cover all decisions taken and investigations performed in general practice.
However, the referral letter mostly is a textual copy of the GP's medical record and a good reflection of the work-up in primary care. The results concerning non-immediate referral (i.e. not within 30 days of the first visit) by the GP in case of abnormal findings should be carefully interpreted, as this can also be due to patient factors. Non-response bias and recall bias might be present. However, our findings concerning patient characteristics are congruent with other Dutch fertility cohort studies (Brandes et al., 2010; Kersten et al., 2015) .
Our estimated sample size of 321 couples was not reached. Apparently, this sample size was based on a too optimistic hypothesis concerning guideline adherence. With an expected guideline adherence of 10%, the estimated sample size would have been smaller (only 138 couples).
Implications for the future
To enhance guideline adherence and the use of the prognostic model, barriers and facilitators for implementation should be studied (Grol and Grimshaw, 2003) .
A solution for improved guideline adherence might be found in a patient-centred referral support (including the prognostic model) with tailored information for each couple (e.g. an online application), enhancing well-informed decisions for (non-)referral. Moreover, due to the low prevalence in primary care, appointing one GP per practice with a special interest in fertility care might enhance guideline adherence as well (Wilkes et al., 2007) . Finally, there should be clear agreements between primary and secondary care providers to diminish duplicate tests.
Conclusion
Guideline adherence by GPs concerning referral for fertility care is low. There is considerable room for improvement. This would protect patients from unnecessary hospital visits, diagnostics and fertility treatments and save healthcare resources. Barriers and facilitators for guideline adherence should be determined. Subsequently, interventions to improve guideline adherence in the areas of work-up and referral for fertility care and to diminish duplicate tests in secondary care should be developed.
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